Long-term detection of fluorescently labeled human mesenchymal stem cell in vitro and in vivo by semi-automated microscopy.
The use of seeded scaffolds in regenerative medicine is limited by the low survival of transplanted mesenchymal stem cells (MSC). Current approaches aim at improving cell viability but require an adequate long-term detection of the transplanted cells. Unfortunately, commonly performed labeling techniques have not been validated for this purpose, and studies often reveal inconclusive results. Consequently, we intended to identify the most suitable method for long-term detection of human MSC (hMSC) in vitro and in vivo. hMSC were labeled using the vital stainings PKH26 and carboxyfluorescein diacetate succinimidyl ester (CFDA-SE) as well as enhanced green fluorescent protein (eGFP) transduction. Metabolic activity and relative fluorescence intensity (RFI) were quantified in vitro over 21 days at 8 time points using standardized semi-automated microscopy and flow cytometry. In vivo, cell seeded scaffolds were subcutaneously implanted in nude mice, and RFI was analyzed over 42 days at 5 time points. In vitro, PKH26 and CFDA-SE significantly reduced metabolic activity. RFI of both stainings significantly decreased after 1 day and further faded to <1% after 7 days. In contrast, labeling with eGFP showed no metabolic effect on hMSC, and no significant reduction of RFI over the total period of 21 days. In vivo, RFI of eGFP labeled cells reached a plateau phase after 21 days and displayed a 3.8-fold higher RFI compared with PKH26 and CFDA-SE on day 42 evaluated in 280 field of views per scaffold using three scaffolds for each labeling technique and time point. We conclude that PKH26 and CFDA-SE are unsuitable for long-term detection of hMSC. eGFP transduction, in turn, allows long-term detection of hMSC in vitro and in vivo. Our results suggest that eGFP is currently the best option among the fluorescent labeling techniques to follow the fate of transplanted hMSC.